An imbalance between phase I drug metabolizing enzymes and phase II detoxification enzymes may contribute to the development of pre-eclampsia. Polymorphic variants in the phase I enzyme, cytochrome P450 genes may lead to increased toxification, whereas polymorphisms in the phase II enzyme, glutathione S-transferase genes may result in impaired detoxification. Most abundant in placenta and decidua is glutathione S-transferase P1-1, which may therefore be of particular importance in reproduction. We studied the frequencies of polymorphic variants in those enzymes in 187 women with recurrent early pregnancy loss and in 109 women with an uncomplicated obstetric history. DNA was extracted and subsequently polymerase chain reaction based genotyping assays were used. χ 2 -Analysis and Fisher's exact test were used for statistical evaluation. The glutathione S-transferase P1b-1b genotype was found significantly more often in women with recurrent early pregnancy loss than in controls (12% versus 5%, P ⍧ 0.03), in particular in those who consumed coffee (P ⍧ 0.02) or smoked cigarettes (P ⍧ 0.04). Polymorphisms in other glutathione S-transferase and cytochrome P450 genes occurred equally frequently in cases and controls. In conclusion, the occurrence of the glutathione S-transferase P1b-1b genotype, leading to lower glutathione S-transferase Pi enzyme activity and consequently to impaired placental detoxification, may represent a risk factor for recurrent early pregnancy loss.
Introduction
of one or more isoenzymes with partially overlapping tissue and substrate specificity (Beckett and Hayes, 1993 ; Hayes Recurrent early pregnancy loss (REPL) represents a disorder and Pulford, 1995) . GST catalyse the binding of a large in obstetric practice with an estimated prevalence between variety of electrophils to the sulphydryl group of glutathione, 0.5 and 2% (Roman et al., 1978) . Many aetiological factors are involved in the detoxification of (oxygen) radicals and have been proposed, but most of them remain controversial.
have a main function in binding and transport of a wide Next to genetic, structural, endocrine, metabolic and immunovariety of harmful compounds. GST are present in large logical factors, lifestyle factors such as smoking and amounts in many tissues including those of the genital tract consumption of alcohol or coffee have been associated with and placenta (Knapen et al., 1999) . They are expressed REPL (Windham et al., 1992; Parazini et al., 1994 ; Dlugosz very early in embryonic development (Van Lieshout et al., et al., 1996; Ness et al., 1999) . The risk of spontaneous 1998). In reproductive tissues and the placenta (Awasthi abortions associated with exposure to endogenous or exogenet al., 1994) and decidua in ous substances may be modified by the genetic variation in particular, GSTP1-1 is by far the most important GST individual metabolic detoxification activities, thus in the isoform present, at least in a quantitative sense. The presence phase I/phase II balance (Hirvonen, 1995; Wang et al., of a less functional GSTP1b allele, a non-functional GSTM1 1998). Most potentially toxic compounds present in alcoholic or GSTT1 allele is associated with impaired detoxification beverages, coffee or cigarettes require activation by phase (Hayes and Pulford, 1995; Watson et al., 1998) . Genetic I enzymes, such as cytochrome P450-1A1 (CYP1A1), to variability in GST or CYP1A1 isoenzymes may disturb the become an ultimate reactive compound (Conney, 1982) .
balance between phase I and phase II biotransformation and These activated forms may then be subjected to detoxification may therefore be responsible for individual differences in by phase II enzymes, especially glutathione S-transferase susceptibility to cigarette-, alcohol-, caffeine-, or other toxin-(GST). The presence of a rare CYP1A1 allele is associated related diseases. with increased toxification (Crofts et al., 1994) . Human
We therefore studied the occurrence of genetic polymorphcytosolic GST can be subdivided into four main classes: alpha (A), pi (P), mu (M), and theta (T), each consisting isms in GSTP1 and additional polymorphic genes (GSTM1, Promega (Madison, WI, USA) . Primers used were for CYP1A1 AGA TCA TGC (Brockmoller et al., 1993) , and for GSTT1 forward none 112 (60) 67 (61) primer TTC CTT ACT GGT CCT CAC ATC TC and reverse primer 1-5 14 (7) 7 (6) TCA CCG GAT CAT GGC CAG CA (Pemble et al., 1994) , 5-10 13 (7) 9 (8) respectively.
Ͼ10
48 (26) 26 (24) 100 ng of DNA were amplified in a total volume of 50 µl for (isoleucine) or a single 195 bp fragment when the mutation (valine) was present (Shields et al., 1993) . For GSTP1 the resulting 176 bp fragment was digested with Alw26I to identify the A to G transition GSTT1 and CYP1A1) in patients with REPL in a Dutch in GSTP1b. GSTP1a was refractory to digestion while GSTP1b gave case-control study.
fragments of 91 and 85 bp (Harries et al., 1997 heterozygous positive or a null genotype for GSTM1; a homozygous/ referred to our hospital. REPL was defined as at least two spontaneous heterozygous positive or a null genotype for GSTT1. For evaluating consecutive miscarriages before 17 weeks of gestation after conceiving polymorphisms, PCR reaction mixture products were analysed by gel from the same partner. Women with REPL were all investigated by electrophoresis (3.5% agarose for GSTP1; 2% agarose for CYP1A1, a routine investigation procedure as described previously (Wouters GSTM1 and GSTT1). et al., 1993) . Women with chromosomal translocations, uterine abnormalities, or positive lupus anticoagulant-or anticardiolipin Statistical analysis antibodies were excluded from the study. As a control group 109 Differences in polymorphisms between REPL patients and controls healthy Caucasian women, unrelated acquaintances of women with were assessed by χ 2 -analyses. However, when the expected frequency REPL and therefore not only matched for age, socio-economic status, was less than five, a Fisher's exact test was performed. Comparisons and district, but also representatives of the population from which of differences in population characteristics were performed by the the cases were derived (Jamrozik and English, 1991) , were selected.
Mann-Whitney U-test. P Ͻ 0.05 was considered to be statistically Controls experienced at least one uncomplicated pregnancy and no significant. Statistical analyses were performed using the Astute spontaneous abortions. Data on lifestyle habits from both cases and Statistics Add In for Microsoft Excel (1993 DDU Software, The controls, such as smoking cigarettes and the consumption of alcoholic University of Leeds, UK). beverages or coffee, were obtained by a questionnaire. The local Medical Ethical Review Committee approved the study. The population characteristics of both patients and controls and data on smoking
Results
and consumption of coffee and alcoholic beverages are presented in Table I .
The maternal age of controls did not differ significantly from women with REPL. Women with REPL had a higher gravidity Blood collection (P Ͻ 0.05) than controls and experienced significantly more Blood was collected by venepuncture in tubes containing EDTA and miscarriages (P Ͻ 0.0001). There were no differences in the immediately stored at -20°C until analysis. Genomic DNA was consumption of cigarettes, coffee, or alcoholic beverages isolated from whole blood by a standard method (Miller et al., 1988). between cases and controls.
Distribution of polymorphic variants in CYP1A1, GSTP1,
Genotyping
GSTM1 and GSTT1 genes are presented in Table II .
Genetic polymorphisms were detected by polymerase chain reaction
There was a significantly higher occurrence rate of the (PCR) , and all primers were selected based on previous studies. All
GSTP1b-1b genotype among women with REPL compared primers were synthesized by Pharmacia Biotech (Roosendaal, The Netherlands). All chemicals needed for PCR were purchased from with that among controls [odds ratio (OR) 2.9, 95% confidence 
Discussion
Genetic polymorphisms were detected as described in Materials and methods.
A deficient decidual or placental detoxification system, Statistical significance of differences between patient and control group was resulting in increased exposure of the conceptus to endo-or assessed with a χ 2 -analysis: a P Ͻ 0.05. n ϭ number of subjects; percentages are given in parentheses.
exogenous toxins might play a role in the development of Ile ϭ isoleucine; Val ϭ valine.
recurrent early pregnancy loss. The cytochrome P450 system is involved in the activation of components of tobacco smoke (aromatic hydrocarbons) or interval (CI) 1.0-10.1, P ϭ 0.03]. Fifty-two per cent of the controls were lacking a functional GSTM1 gene, whereas 30% caffeine by producing electrophils (Conney, 1982; McManus et al., 1990) . One of the genetic polymorphisms that has been of them missed a functional GSTT1 gene. This did not differ significantly from women with REPL, of whom 53% and 26% demonstrated in exon 7 of the CYP1A1 gene is an isoleucine to valine substitution at residue 462 in the haem region had no functional GSTM1 or GSTT1 gene, respectively. Also CYP1A1 polymorphism rates in women with REPL did not (Nakachi et al., 1993) . Presence of the CYP1A1 Val 462 allele is associated with increased enzyme activity and consequently differ significantly from those in the control group. Thirteen per cent of the cases had one rare Val 462 allele and 6% of in higher toxification rates (Crofts et al., 1994) . In this respect a higher susceptibility to smoking-related lung cancer was them had two rare Val 462 alleles, compared with 19% and 6%, respectively, in controls.
reported in subjects with the CYP1A1 Val 462 /Val 462 genotype (Nakachi et al., 1993; Kihara et al., 1995) . Homozygotes of The distribution of the GSTP1 genotypes in patients with recurrent early pregnancy loss and controls in relation to this variant allele of CYP1A1 are very rare in the Caucasian population (Ϯ 1%), but more common in the Japanese populasmoking or consumption of coffee or alcohol is summarized in Table III. tion (Ϯ 5%) (Nakachi et al., 1993; Murray et al., 1994; Van Lieshout et al., 1999) . Ninety-one of the controls and 156 of the women with REPL consumed coffee on a daily basis. Among them 12%
The GST Pi subfamily comprises a single gene (GSTP1), of which at least two variant cDNA have been reported: the of the cases and only 3% of the controls had the GSTP1b-1b genotype (OR 4.1, 95% CI 1.2-13.3, P ϭ 0.02). In women 1a and the 1b allele. They differ at one base pair (313 A versus G), resulting in a 105 isoleucine to valine substitution. with REPL and smoking cigarettes (n ϭ 75), significantly more individuals homozygous for the GSTP1b allele were By studying recombinant proteins it was demonstrated that the valine variant (GSTP1b allele) has lower specific activity and deleterious changes in placenta and fetus (Ness et al., 1999) . Tobacco smoke contains numerous compounds that might be affinity for electrophilic substrates (Ali-Osman et al., 1997) .
related to spontaneous abortion, including mutagenic aromatic In addition, lung or oesophageal tissues from GSTP 1b-1b amines and polycyclic aromatic hydrocarbons (PAH). Glutaindividuals have significantly lower GST enzyme activity as thione S-transferase is important in the detoxification of compared to individuals with the GSTP1a-1a genotype (Watson mutagens or carcinogens in tobacco smoke (Beckett and Hayes, et al., 1998; Van Lieshout et al., 1999) . GSTP1-1 is involved 1993; Hayes and Pulford, 1995) . Little information is available in the detoxification of benzo[a]pyrene and several other so far on the possible deleterious effects of components of toxic compounds from cigarette smoke (Harries et al., 1997) .
coffee on pregnancy. Recently it was reported that the mycoApproximately 5% of the Caucasians are homozygous for the toxin ochratoxin A, a frequent contaminant in coffee, might GSTP1b allele whereas~36% have one GSTP1b allele (Van inhibit protein synthesis and enhance oxygen radical production Lieshout et al., 1999) . (Creppy et al., 1998) . In addition, ochratoxin A is metabolized Deletion polymorphisms have been described for GSTM1
by conjugation with glutathione, most probably catalysed by and GSTT1, which have been associated with increased cancer glutathione S-transferases. It is worth noticing that we also susceptibility (Raunio et al., 1995; Rebbeck, 1997) . The found the GSTP1b-1b genotype in a few controls who drank homozygous deleted genotype for GSTM1 was also associated coffee and still had live birth. This indicates that there are with endometriosis (Baranova et al., 1997) . Since GSTM1 is certainly other factors, besides the GSTP1 genotype, involved involved in the detoxification of tobacco-related carcinogens, in the multifactoral pathogenesis of REPL. Therefore it remains such as epoxides and hydroxy metabolites of benzo [a] pyrene possible that although statistically significant results have been (Hayes and Pulford, 1995) , this suggests a possible contribution obtained for smoking and drinking coffee, they may not be of environmental toxins in the pathogenesis of these diseases.
biologically meaningful. Approximately 45% of the Caucasians exhibit the homozygous Corroborating the findings of Mendola and colleagues, we deleted genotype of GSTM1 (Rebbeck, 1997) . GSTT1 is did not observe a relation between polymorphisms in GSTM1 involved in the biotransformation of several low-molecularand risk of recurrent spontaneous abortion (Mendola et al. , weight toxins, such as methyl-halides or ethylene oxide. 1998). We also found no differences in the GSTT1 and CYP1A1 Approximately 20% of the Caucasians exhibit the homozygous gene expression between women with REPL and healthy deleted genotype of GSTT1, whereas in other ethnic populations controls. This suggests that polymorphisms in these genes do the occurrence of the deletion is much higher (Rebbeck, 1997) .
not influence the susceptibility for REPL. The role of the Therefore we investigated polymorphisms in CYP1A1 which GSTM1 null genotype in association of REPL has also been can lead to a more active enzyme, in combination with studied (Hirvonen et al., 1996) . However, results were controgene alterations in GST which result in (partly) deleted versial: in their so-called North Carolina study (n ϭ 29) the enzyme activity.
OR was 3.1 (95% CI 1.3-7.0), whereas in their New York In our study the GSTP1b-1b genotype was more common study (n ϭ 89) a non-significant association (OR 0.8; 95% CI among Caucasian women with REPL cases as compared to 0.4-2.4) was found. The latter is in agreement with our controls. To our knowledge, this is the first study concerning study. Possibly the apparent association between GSTM1 null GSTP1 polymorphisms and recurrent early pregnancy loss.
genotype and REPL in the North Carolina study was caused Also no data on recurrent early pregnancy loss rates in other by the small number of patients involved in this part of their ethnic populations are available. study. Furthermore, important lifestyle habits such as smoking In human placenta (Awasthi et al., 1994) and decidua cigarettes and consumption of alcohol or caffeine were not ) GSTP1-1 is by far the most abundant investigated (Hirvonen et al., 1996) . GST isoenzyme. Placental GST are likely to play an important There is a difference in parity between cases and controls role in the fetal and maternal detoxification capacity (Pacifici in our study. Matching for parity, however, makes a caseet al., 1988) . Individuals bearing the GSTP1b-1b genotype control study on recurrent early pregnancy loss almost impossprobably have a reduced GSTP1-1 enzyme activity and conible, because the large group of primary aborters (women sequently may have an insufficient detoxification especially at who only experienced recurrent miscarriages and no other the placental level (Watson et al., 1998; Van Lieshout et al., pregnancies) among women with REPL should then be 1999). This may lead to increased exposure of the conceptus excluded. to endo-or exogenous toxins, which might contribute to REPL.
In conclusion, presence of the GSTP1b-1b genotype, associIn REPL patients consuming coffee or smoking cigarettes, a ated with impaired detoxification, might cause an imbalance significantly higher number of individuals homozygous for the between phase I and phase II enzymes, and therefore provoke GSTP1b allele were found. The occurrence of the GSTP1b-1b the development of REPL. Thus, homozygosity for the GSTP1b genotype with concomitant lower enzyme activity may thereallele might be associated with an increased risk for REPL, in fore contribute to the individual risk for development of particular in combination with the consumption of coffee or diseases where exposure of toxic compounds may play a role. smoking cigarettes. It was recently shown that cigarette smoking was independently associated with an increased risk of spontaneous abortion
